Polymerase chain reaction (PCR) provides a reliable detection of pathogenic bacteria in water samples. However, this method can be adversely influenced by the purity of the DNA template. This is a particularly important obstacle when the bacterial DNA is directly extracted from water samples. In this study we compared the suitability of 8 different methods for isolation of bacterial DNA from pure cultures and 10 different methods for isolation of DNA from water samples. The quality of extracted DNA was assessed by PCR amplification of target sequences derived from uid (E. coli and Shigella sp.), tuf (Enterococcus sp.) and hns (Salmonella sp.). Results indicated that there are differences among the methods tested and only a few of them gave satisfactory results.
INTRODUCTION
Detection of bacteria indicating faecal contamination of water sources is an important step in the process of ensuring microbiological safety of drinking and also bathing water.
Conventionally applied detection methods rely on cultivation on selective media and further biochemical testing (Rompré et al. 2002) . However, these methods have many drawbacks that hamper reliable identification (Bloomfield et al. 1998; Rompré et al. 2002) .
Many of the new approaches for detection and identification of bacteria are nucleic acid-based and replace conventional diagnostic methods. Among them, applications of polymerase chain reaction (PCR) were described most often (Theron & Cloete 2004) . However, the outcome of the PCR amplification is besides other influenced by purity and concentration of DNA. This may be critical especially when DNA is extracted directly from environmental samples without enrichment of bacterial mass by cultivation.
With regard to the high sensitivity of the PCR amplification techniques it is possible to use only partially purified DNA, i.e., so-called crude extracts that provides satisfactory results when applied to pure bacterial cultures.
Isolation of bacterial DNA from environmental samples is more difficult because of the low number of target DNA molecules and presence of large amounts of substances interfering with PCR amplification (Altwegg 1995; Rå dströ m et al. 2004) . Therefore methods for purification of bacterial DNA from water samples must comprise additional steps that enable i) enrichment of bacteria, and ii) "cleaning" steps removing compounds that interfere with PCR, i.e., PCR-inhibitors. Commercially available kits for purification of bacterial DNA from water samples may offer sophisticated procedures for DNA isolation that is suitable for PCR reaction, however, the enrichment of bacteria before the purification steps may obviously not be addressed ade- doi: 10.2166/wst.2008.453 quately. In addition, they are rather expensive and of limited use (Lemarchand et al. 2005) .
We tested suitability of different methods for isolation of bacterial DNA from pure cultures and water samples for PCR based detection and identification of pathogenic bacteria. Two non-commercial methods were found suitable for successful isolation of bacterial DNA: alkaline lysis for isolation of bacterial DNA from pure cultures and modified Slusarenko method for isolation of bacterial DNA from water samples. 
METHODS

Bacterial strains and water samples analysis
Isolation of DNA from pure bacterial cultures
Single bacterial colony grown on Nutrient agar (HiMedia Laboratories, Mumbai, India) was suspended in 1.5 mL of saline solution (approximately 10 7 CFU/mL). The bacterial cells were centrifuged (6,000 r.p.m. for 10 minutes).
Resulting pellet was further processed by following DNA extraction methods:
1. alkaline lysis (Horakova et al. 2006) , 2. freeze-thaw method according to Bej et al. (1991) , 3. modified Slusarenko method (Slusarenko 1990) , where the extraction step with the mix of phenol/chloroform (1:5) was added after precipitation with 7.5 M solution of ammonium acetate, 4. modified method according to Maniatis (Sambrook & Russel 2001) , where 2 extraction steps were reduced to 1 extraction step with the mix of phenol/chloroform (1:5), 5. method using Chelex-100 (Wiklund et al. 2000) , 6. Genomic DNA purification kit (Fermentas, Lithuania), 7. Chemagic DNA tissue 10 kit (Chemagen, Germany), 8. UltraClean microbial DNA isolation kit (MoBio, USA).
Isolation of bacterial DNA from water samples
Isolation of genomic DNA was started by the cell enrichment by filtration. 1 ml of each dilution was inoculated on selective media, specific for detection of E. coli, E. faecalis and S. Enteritidis, to detect colony counts. Two procedures of cell enrichment were used:
Procedure 1
Water samples were filtered through 0.22 mm membrane filter, 25 mm in diameter (Durapore membrane filters, Millipore, USA). The filter was placed into a microtube and 1.5 mL of MQ water was added. Attached bacterial cells were shaken off by sonication for 2 min with subsequent vigorous vortexing for 10 min. The released bacterial cells were sedimented by centrifugation (5,000 r.p.m. for 15 min) (Mlejnek unpublished data). Cell pellet was further processed for DNA isolation from pure cultures as mentioned above (method No. 1 to 8).
Procedure 2
Water samples were filtered through 0.45 mm membrane filter, 47 mm in diameter (MCE, Pall, USA). Filter was cut into pieces of 0.5 cm £ 0.5 cm that were placed into a microtube together with 5 sterile glass beds (1 mm in diameter) and 1.5 mL of 0.5% Triton X-100 (Duchefa, Netherlands) in MQ water. Attached bacterial cells were shaken off and sedimented as described above (Horakova, unpublished data) . Cell pellet was further processed for DNA isolation from pure cultures as mentioned above (method No. 1 to 8).
Isolation of bacterial DNA from water samples using commercially available kits
For isolation of bacterial DNA directly from water samples following kits were tested: 9. WaterMaster DNA purification kit (Epicentre, USA), 10. UltraClean water DNA isolation kit (MoBio, USA).
DNA was extracted according to manufacture's instructions. (1999) and Horakova et al. (2006) .
PCR primers and amplification conditions
Detection of PCR products
The amplified PCR products were detected by standard agarose gel electrophoresis as described elsewhere (Horakova et al. 2006) .
RESULTS AND DISCUSSION
Bacterial DNA isolation from pure cultures All tested methods except for method No. 5 yielded visible bands on agarose gels for uid, tuf and hns genes. The amount of PCR products (intensity of bands) varied from sample to sample and depended mainly on the amount of extracted DNA (Table 1) . The most efficient method for DNA extraction from pure cultures seemed to be the alkaline lysis (method No. 1), which was developed in our laboratory (Mlejnek, unpublished results) and successfully applied in our already published paper (Horakova et al. 2006 ). (Figure 1 ). Similar results were described by Miller and co-workers (1999) . Commercially available kits (methods No. 6 -8) usually provided DNA of sufficient purity. Nevertheless, DNA extracts of some water samples required to be 5-to 10-fold diluted before amplification ( Figure 1A) . Typical amplification results are shown in Figure 1(A and B) .
Isolation of bacterial DNA from water samples
Direct extraction of bacterial DNA from water samples without cell enrichment is impossible in most cases as volume concentration of target bacteria is low. Therefore, DNA extraction steps should preceded steps that lead to enrichment of bacterial mass (Bej et al. 1991) . Two procedures for cell enrichment prior to DNA extraction from water samples were tested (see Procedure 1 and 2 in 5, 10 6 -10 4 cells, 5 -6 DNA isolated by method No. 6, 10 5 -10 4 cells (sample 1), 7 -8 DNA isolated by method No. 6, 10 5 -10 4 cells (sample 2), 9-10 DNA isolated by method No. 6, 10 5 -10 4 cells (sample 3), 11 -12 DNA isolated by method No. 7, 10 5 -10 4 cells; Legend B: 1 -100 bp DNA ladder; results of PCR amplification of uid gene sequence with: 2-3 DNA isolated by method No. 4, 10 5 -10 4 cells, 4-5 DNA isolated by method No. 8, 10 5 -10 4 cells. Methods). Enriched bacterial mass was subsequently processed by isolation methods as listed in Table 1 . Our results indicated that the cell enrichment by procedure 2 was more efficient than that of procedure 1 since it produced higher yield of PCR products (Table 2; Figures 2 and 3). We further observed that isolation methods No. 1 and 2 provided poor results in combination with bacterial mass enrichment by either of procedure 1 or 2 (Table 2) . We assume that the failure of these methods is mainly due to the Figure 3 . Methods for purification of DNA using organic solvents were previously described as advantageous to other methods also by other authors (Miller et al. 1999; Lemarchand et al. 2005) . No amplification products were obtained for method No. 5. This could be caused by the presence of PCR inhibition substances (Miller et al. 1999) .
Application of either of procedure 1 or 2 in combination with methods No. 6-8 for isolation of bacterial DNA from water samples provided bands of weak intensity (Table 2) .
Nevertheless, these results were not conclusive; extracted DNA sometimes required dilution to obtain positive amplification result. We also tested two commercial kits results of PCR amplification of uid gene sequence with: 2 -5 DNA isolated by method No. 3 with cell enrichment procedure 1, 10 4 -10 1 cells, 9-12 DNA isolated by method 3 with cell enrichment procedure 2, 10 4 -10 1 cells.
Figure 2 | Comparison of efficiencies of two cell enrichment procedures followed by extraction by alkaline lysis for organically non-polluted water. Legend:
1,100 bp DNA ladder; results of PCR amplification of uid gene sequence with: 2 -5 DNA isolated by method No. 1 with cell enrichment procedure 1, 10 4 -10 1 cells, 9 -12 DNA isolated by method 1 with cell enrichment procedure 2, 10 4 -10 1 cells.
designed for direct DNA extraction from water samples (methods No. 9 -10, Table 3 ). Our experiments gave positive results only when using UltraClean water DNA isolation kit (Table 3) . However, the final DNA concentration steps caused significant loss of DNA yield; therefore this method was found suitable only for water samples with high amount of target bacteria (at least 10 3 in 1 mL).
CONCLUSIONS
1. Alkaline lysis (method No. 1) (Horakova et al. 2006) provided sufficient amount of pure DNA suitable for PCR identification of pathogenic bacteria from pure cultures. Other methods tested although provided satisfactory results (except method No. 5) but were much more laborious and less reliable.
2. Modified method for bacterial DNA purification developed by Slusarenko (1990) in combination with enrichment procedure 2 provided sufficient amount of pure DNA suitable for PCR identification of pathogenic bacteria in water samples.
3. It was proved that successful isolation of bacterial DNA from pure cultures and water samples can be performed without using commercially available kits. 
